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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ON T0E XF-92A DELTA-WING AIRPLANE 

By Clinton T. Johnson and Albert E. K u h l  

SUMMARY 

Flight measurements of the elevon hinge moments on the Convair 
XF-92A delta-wing  airplane were made at  the W A  High-speed Flight 
Station over the Mch nuiber range from 0.70 t o  0.93 during  longitu- 
dinal elevon pulses,   ai leron  rolls ,  and wind-up turns. The resu l t s  
of the  elevon  hinge moments are presented in this paper. 

During wind-up turns the hinge moments  become nonlinear at  about 
the  angle of a t tack  at  which the airplane experiences a marked decrease 
in  longitudinal stability. 

In the low angle-of-attack  region below the s t a b i l i t y  break the 
hinge-moment parameter % increases  gradually with increasing Mach 
number f r o m  a value of about -0.Oll at a Mach rider of 0.7 t o  a value 
of about -0.013 at a &ch number of 0.86 'and increases more rapidly 
thereaf te r   to  a value of about -0.021 at  a hkch number of 0.9. 

The variation of hinge-moment parameter w i t h  Mach rimer i n  % 
the  angle-of-attack  region below the s t ab f l i t y  boundary of the amlane 
increases gradually with Mach number Prom a value of about -0.008 at  a 
mch number of '0.74 to a value of about -0.016 a t  a bhch number of 0.95. 
Generally good agreement  appears t o  exist between the flight and rocket- 
model data. 

INTRODUCTION 

Plain flap-type trailing-edge  controls are in use i n  many of the 
present-day airplanes despite several   difficult ies  experienced w i t h  
t h i s  type of control in  the transonic  speed  range. Among the  d i f f i -  
culties  experienced are large  hinge moments and rapid changes i n  the 
hinge moments associated w i t h  large increases in dynamic pressure and 
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the rearward shift of the  center of pressure a t  transonic hch numbers. 
This has led t o  the adoption of  powered control system. 

As a pazt of the  cooperative Air Force - NX!A research program on 
the Conhir XF-92A delta-wing  airplane  elevon hinge moments were 
measured during maneuvering flight over the Mwh number range from 
0.7 t o  0.95. The XF"92A airplane has a del ta  wing w i t h  600 leading- 
edge sweepback and hydraulically  boosted full-span constant-chord 
elevons with plain  unsealed leading edges and a small unshielded horn 
balance a t  the t ip .  Reference 1 presents the resu l t s  of an investiga- 
t ion  of the  longi tudinal   s tabi l i ty   character is t ics  of this airplane. 
This paper  presents  the  results of the hinge-moment investigation on 
t h i s  airplane. 

airplane normal-force  coefficient, nW/q& 

le f t  elevon hinge-moment coefficient, H/qSeEe 

variation of hinge-mament coefficient w i t h  angle of 
attack per degree, d@/da 

variation of hinge-moment coefficient with elevon 
deflection  per degree, d&/aSe 

le f t  elevon  hinge-mment coefficient  corrected  to  zero 
elevon  position, % - %6 x 

mem eteroaynamic chord of elevon  control  surface, rear- 
ward  of hinge line, 2.92 f t  

acceleration due t o  gravity,  ft/sec' 

lef t  elevon  hinge moment, f t - lb  

f ree-stream Mach  number 

normal acceleration, g units 

dynamic pressure, lb/sq f t  

l e f t  elevon area aft of hinge line, 38.10 ft2 
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I t time, sec 

W weight of airplane, lb 

a angle of attack, deg 

6eL 

$ rontng  velocity,  radians/aec 

left elevon position, deg 

.* e pitching  acceleration, r*e/eec2 

I 

1 

The Convair XF-92A is a  semitailless delta-wing airplane having 
60° leading-edge sweepback of the wing and vertical  stabilizer. A three- 
view drawing of the  airplane is sham i n  figure 1 and photographs of t he  
airplane are shown Fn figure 2. Table I lists the  physical  character- 
i s t ics  of the  airplane. 

%e control  surfaces  are full-span, constant-chord surfaces 
actuated by an irreversible 100-percent hydraulically boosted system. 
The control linkages are connected to inboard and outboard actuating 
 arm^ on each  elevon. The actuating arms are fixed t a  a torque  tube 
that forms the le- edge of the elevon. me elevons have small 
unshielded horn balances on the outboard ends and a plain unsealed 
leading edge over the remainder of the span. The airplane has  no dive 
brakes and no leading- or  trailing-edge flaps or slats. 

The XF-92A airplane was equipped with standard W A  recording 
instruments f o r  recording  airspeed,  altitude, normal acceleration, 
pitching acceleration, rolling velocity,  control  position, and angle 
of attack. All instruments were correlated by a CCIIIIII~C)I~ tfmer. 

Elevon hinge mclments  were measured by means of s5rain gages 
inetELlled on the Inboard and outboard actuating arms oi’ the elevon. 

actuating  arm^ and the strain-gage i n s k l h t i o n .  
.. Figure 3 presents  a schematic dra- of the elevon sharing the elevon 

.. 
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The estimated  accuracy  of  the  total  hinge-moment  measurements  is 
21000 inch-pounds,  which  amounts  to an error  in  hinge-moment  coeffi- 
cient Q, of approximately fO.003 for the average  Mach  number  and 
altitude of these t e s t s .  

Angle-of-attack  measurements  were  corrected  for  displacements  due 
to  inertia loads on  the  nose  boom.  The  correction  factor was determined 
by statically  loading  the  nose boom to  simulate  inertia 1- which 
resulted in a correction of 0.160 per  unit  acceleration.  The  angle of 
attack measured was not  corrected  for  vane  floating,  upvash,  or  pitching 
velocity.  The maximum error  resulting from pitching  velocity was on  the 
order of 0.8'. The  accuracy  of  the angle-of -attack  recorder was esti- 
mated to be 20.5O. Accuracies  of  other  pertinent  recorded  quantities 
are : 

Mach  number, M . . . . . . . . . . . . . . . . . . . . . . . .  20.01 

n, g units . . . . . . . . . . . . . . . . . . . . . . . . . .  20.05 
6eL,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  t0.20 

TESTS 

As a part of an investigation  of  the  flight  characteristics  of  the 
Convair XF-gZA, control-surface  hinge  momepts  were  measured  during 
maneuvering  flight.  Elevon  hinge  maments  were  measured  during longi- 
tudinal  pulses armd abrupt  aileron r o l l s  over a range of' Mach  number  from 
0.70 to 0.90, and during  accelerated turns over R range  of Mch number 
from 0.70 to 0.93. 

The accelerated  turns  were performed at an altitude  of approximately 
35,W feet,  the  longitudinal pulses at 3O,ooO feet, and the  aileron 
rolls  between 25,000 feet and 30,oOO feet. 

The  elevon  hinge-moment  parameter C b  was determined  during  abrupt 
elevon  deflections by measuring  the  variation of elevon  hinge  moment 
during that portion of the  maneuver  in  which  the  control  surface  had  been 
deflected  but  the  airplane  response to the  control  input  had  not  yet 
occurred.  The  abrupt  deflections  included  both  longitudinal pulses and 
abrupt  aileron rolls. All measurements  were  taken  before the angle  of 
attack,  including  induced  effects  due to ro l l i ng  velocity,  had  changed 
more than 1/2'. A change of  angle  of  attack of this magnitude would 

. 

. 
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cause an estimated e r r o r  based on the value of % determined ?3om 
t h i s  investigation of about 10 percent in  the measured value of chs - 

The elevon hinge-moment parameter C b  was determined by subtrac- 
ting the hinge-moment coefficient due t o  elevon deflection f r o m  the 
measured we-moment  coefficient  in wind-up turna. The resultant hinge- 
moment coefficient w’as then  plotted  against  angle of a t tack and the slope 
taken t o  yield C&. 

L 

RFSuI;TS AND DISCUSSION 

Data obtained during typical longitudinal elevon  pulses at  var ious  
mch nunibers are s h m  i n  figure 4(a) as the  variation of angle of 
attack,  elevon hinge-molIhent coefficient ch, and elevon  position w i t h  
time. SFmfla,r plots of typical  data obtained during a i le ron   ro l l s  are 
shown in figure 4(b) as the variation of angle of attack,  roll ing 
velocity, hinge-mcrment coefficient Ch, and elevon  position w i t h  time. 
Froan these maneuvers the hinge-mornent paranreter was determined by 
using the measurements of hinge-moment coefficient and elevon  position. 
The portion of the maneuvers used f o r  the evaluation of % where the 
angle of attack, includin induced effects  due t o  rolling velocity, had 
not changed more than 1/2 Q , i s  indicated on figures 4(a) and 4(b) by 
the so l id  lines. 

The values of the hinge-moment parameter  determined from the 

elevon pulses and aileron rolls is shown in figure 5 as the  variation 
of % with Mach n m k r .  Also shown is the variation of C&, a5 

determined from rocket-model t e s t s  (ref.  2) of a m o d e l  harLng a wing 
and elevon similar t o  the airplane but with a different  fuselage. 

The value of % obtained from flight measurements increases 
negatively very gradually w i t h  increasing  mch nmiber from a value of 
about -0. O l l  a t  a bkch nuniber of 0.7 t o  a value of -0.013 at a Wch 
nuniber of 0.86 and then  increases more rapidly  to a value of -0.021 a t  
a hch number of 0.9. 

Differences in level appear t o   e x i s t  between the flight and rocket- 
model data, but  the  trends of the data show good agreement. Above a 
Mch  nmber of 0.9 the flight data were extrapolated on the basis of the 
rocket-madel data i n  that speed range fo r  use in   calculat ing x. 
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Thta obtained  during wind-up turns  are shown in  f igure 6 as the L 

variation of Mach number, pitching angular acceleration,  elevon hinge- 
moment coefficient %, airplane normal-force coefficient, and elevon I 

position w i t h  angle of attack a t  various hkch  nunibers covering the speed 
range of these tests. The XF”92A airplane  experiences a decrease i n  
longitudinal  stabil i ty a t  the  higher angles of attack. This behavior 
is reported fn reference 1 and the angle of a t t ack   a t  which it occurs 
is  shown on each of the figures by the ver t ica l   l ine  above the curves. 
For the typical maneuvers shown, the variation of elevon  position and 
elevon hinge-moment coefficient with angle of at tack is nonlinear. A t  
angles of attack above the s t ab i l i t y  boundary the curves of hinge moment 
plotted  against  angle of attack  abruptly  experiences a change t o  a large 
negative slope. A t  the higher Wch numbers this is an  abrupt  reversal 
i n  hinge-moment variation ufth angle of attack. 

In order t o  remove the effects  of elevon  control  position and 
thereby make possible an evaluation of the ef fec t  of changes i n  angle 
of attack only on the hinge-moment curves, the data of figure 6 were 
corrected t o  a condition of zero  elevon  deflection by using the values 
of previously  determined. The corrected. data are shown in   f i g -  . 
ure 7 as the variation of --moment coefficient  corrected for elevon 
position w i t h  angle of attack. The angle of at tack at which the  alrplane 
experienced a reduction in longitudinal s t ab i l i t y  is again  indicated by 
the ver t ica l  line above the curves. A change i n  slope of the  corrected 
data is apparent  near the angles of at tack of the decrease in  longitu- 
dinal s t ab i l i t y   fo r  each of the mmeuvers. 

The region above the reduction  in airplane s t ab i l i t y  is character- 
ized by large angular pitching and rolling acceleration,  abrupt changes 
i n  the wing characteristics,  particularly the wing pitching moment, and 
rapid loss of M%ch number. Therefore, it is assumed that the corrections 
applied t o  the data above the s t ab i l i t y  boundary are not valid because 
they were obtained by using a value of % measured i n  the low-lift 
region. R m v e r ,  the corrected data indicate t h a t  a t  the higher angles 
of at tack there are large changes i n  hinge moments which are caused by 
abrupt changes in either, or both,  or C%. In determining the 
value of f r o m  the data of figure 7 only the region below the air- 
plane  stabil i ty boundary where the data are essent ia l ly   l inear  was con- 
sidered. The values of % for  the laK l i f t  region were determined 
from the data of figure 7 by taking least squares slopes of data i n  that 
region. lIhe slopes determined by thia  method are  shown  on the curves, 
and the values of the hinge-moment parameter %a determined are shown 
on figure 8 as the variation of clh, with mch number. Also shown is 
the variation of I& as determined. from rocket-model t e s t s  (ref. 2) 
Of a mdel haw a similar wing and elevon  but w f t h  a different  fuselage. 

.. 



a The value of % obtained from flight tes ts  increases gradually w i t h  

M ~ c h  nunher from a value of about -0.008 at  mch nuniber of 0.74 t o  a - value of about -0.016 at a ~ c h  number of 0.95. Genera- g o d  agreement 
- appears t o  exist between the flight and rocket-model data. 

CONCLUSIONS 

Flight measurements of the  elevon hinge momenta 04 the Convair XF-92A 
aiqlane over the mch n&er range from 0.70 t o  0.9 have fndicated: 

1. The hinge-moment variation with angle of attack is linear vp t o  
the angle of attack at  which the airplane experiences a marked decrease in 
stability. 

2. In the low-lift region  the hinge-moment parameter % increases 
gredually w i t h  increasing Mach n&r from a value of about -0.OIl at a 
hch nuniber of 0.7 to a of -0.013 a t  a mch nmiber of 0.86 and 

I increases more rapidly thereafter t o  a value of -0.021 a t  a Mach  number 
of 0.9. 

3. In the angle-of-atbck region below the airplane  stability boundary 
the hinge-moment-coefficient variation with angle of attack tho, increases 
gradually with increasing Bch number f r o m  a value of about -0.008 at  a 
b k c h  n-r of 0.74 t o  a value of about -0.016 a t  a Mach nmiber of 0.9. 

4. Good agreement exists between the flight measurements of the hinge- 
mcmnent-coefficient variation w i t h  both angle of attack and elevon angle, 

w i n g  and elevon but a fuselage different from that of the  airplane. 
% a d  C&, and mcket-model I I E a e m e n t B  O f  8 model having & similar 

High-speed Flighk Station, 
National Advisory Cammittee for Aeronautics, 

Edwards, Calif., October 7, lg54. 
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TABIE I 

PHYSICAL -ISTICS OF ICBE xF-92A AIwLAE3 

w i n g :  
Area,sqft . . . . . . . . . . . . . . . . . . . . .  
Span, f t  . . . . . . . . . . . . . . . . . . . . . .  
Mean aera3ynaUrlc  chord, f t  . . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . . . . . . . . . . .  
Airfoil section . . . . . . . . . . . . . . . . . . .  

Root chord, f t  . . . . . . . . . . . . . . . . . . .  
Tip chord . . . . . . . . . . . . . . . . . . . . . .  
'Caper rat io  . . . . . . . . . . . . . . . . . . . . .  
Sweepback (leading e d g e )  , deg . . . . . . . . . . . .  
Incidence, de@: . . . . . . . . . . . . . . . . . . .  
Dihedral (chord plane) , deg . . . . . . . . . . . . .  

. . . . .  425 . . . . .  31-33 
"!A 65(06) -006.5 
. . . . .  18-09 . . . . .  2.31 . . . . .  27-13 . . . . .  0 . . . . .  0 . . . . .  60 . . . . .  0 . . . . .  0 

Elevons : 
Area ( total  of both e l e m  aft of hlnge line) . e q  f t  . . . . .  76.19 
Horn balance area (tots1 of' both elevons forusrd of hinge 

me). s q f t  . . . . . . . . . . . . . . . . . . . . . . . .  1.4 
spm (one elevon) . f t  . . . . . . . . . . . . . . . . . . . . .  13.35 
Chord (af t  of hinge line. canetant except at t ip) . f t  . . . . .  3-05 
mvernent. deg 

Elevator: 
. u p  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

Down . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Aileron, total . . . . . . . . . . . . . . . . . . . . . . .  10 

Vertical tail: . . . . . . . . . . . . . . . . . . . . . . . . . .  
Height, above fuselage center line, f t  11-50 
Area, s q f t  75-35 . . . . . . . . . . . .  

Rudder : 
Area, sq ft . . . . . . . . . . . . . . . . . . . . . . . . . .  15.53 

Travel, deg . . . . . . . . . . . . . . . . . . . . . . . . . .  28.5 
Operation . . . . . . . . . . . . . . . . . . . . . . . . .  IQdraulic 

Spsn, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.22 

Fuselsge: 
Length, ft . . . . . . . . . . . . . . . . . . . . . . . . . .  42.80 

Parer plant: 
Engine . . . . . . . . . . . . . .  Allison Jj3-A-29 uith afterburner 

Static thrust at sea level, lb . . . . . . . . . . . . . . .  5, 600 
Static thmmt at sea level with afterburner, Ib . . . . . .  7, 500 

Rating: 

Weight: 
Cross weight (560 gal  fuel) , lb . . . . . . . . . . . . . . . .  15, 560 wty weight, Ib . . . . . . . . . . . . . . . . . . . . . . .  11, 808 

Center-of-gravity locations: 
Gross weight (560 gal  fUel). percent M.A.C. . . . . . . . . .  25.5 
E$rpty weight, percent M.A.C. . . . . . . . . . . . . . . . . .  29.2 
Moment of inertia in pitch,  alug-ft2 . . . . . . . . . . . . .  35, Om 
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1- 51 3.6 

Figwe 1.- Three-view drawing of the XE"92A airplane. A l l  dimensions 
in inches. 

. 
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(b) Three-quarter rear  view. 

(c) ~eft side view. 

Figure 2. - Photographs of XF-92A atrpme. 
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Strain gage bridge, 
outboard actuating arm' 

(Span station 132.33) 

Strain gage bridge, 
inboard actuating arm 

(Span station 24.95) 

Figure 3.- Strah-gage installation on elevon actuat ing arm. 

. - 
. . . . .   . .  . . .  . .. 
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Time, t.sec 

0 I 2 

Time, t, sec 

LLI ” 

0 I 

lime, t, sec 

Figure 4.- Time histories of longitudinal p u l s e s  and aileron r o l l s  used 
to determine  hinge-mament  coefficient due to elevon deflectfon. 
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Time, t, sec 

(b) Aileron rol ls .  

. 

Figure 4. - Concluded. 
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+FIiaht data I I I I 
"" RoGket model (Ref.23 
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Figure 6 . -  Variation of elevon hinge maments, and the factors  affecting 
the hFnge moments, as a function of angle of attack during accelerated 
turns. 



NACA RM @!JDa 3M 

I 

M 

cNA 

UP 

.6 

4 

.2 

0 

Q, deg 

(b) M = 0.6. 

Figure 6.- Continued. 
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( c )  M = 0.89. 

Figure 6.- Continued. 
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(d) M 0.93. 

Figure 6. -  Contfnuea. 
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Figure 7.- Variation of elevon hinge-mcpnent coef'ficlent wTth angle of 
attack when corrected t o  zero elevon deflection. 
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Figure 7.- Continue&. 
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(c) M IJ 0.89. 

Figure 7.- Con-khued.. 

. . .  
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Q, deg 

(a) M p 0.93. 

Figure 7. - Continued. 
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(e) M 0.93. 

Figure 7. - Concluded 
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." , 
.-c-Flight data 
-- - - -Rocket model, reference 2 
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Figure 8.- Hinge-moment parameter C as a function of Mach number far h, 
the angle-of-attack region below the boundary of aecrwasea langituainal 
stability. 
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